PCX 



WORLD imrnECrUAL PROPERTY ORGANIZATION 

Int^ational Bureau 



INTERNA-nONAL APPUCATION PUBUSHED UNDER TOE PATCNT COOPERA-nON TOEATY (PCT) 



(51) International Patent Classification 7 ; 
H02H 3^33, HOIH 71/12 




(11) International Publication Number: WO 00/64022 

(43) International Publication Date: 26 6ctobcr 2000 (26.10.00) 



(21) Intemationai Application Number: PCr/GB0Q^0I508 



(22) Internationa Filing Date: 



18 April 2000 (18i)4.00) 



(30) Priority Data: 
9908930.2 



19 April 1999 (19.04.99) GB 



(7^) ^PPjJ^^ designated States except US): PET (IP) LIM- 

ITED [GB/GB]; 1 AstxB Centre, Edinburgh Way Harlow 
Essex eM20 2BN (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for USonfy): POWELL. Simon [GB/GBJ- 
8 Merchants Walk. Baldock. Hertfordshire SG7 OT (GB).' 

(74) Agent: CRAWFORD, Andrew. Biricby; A.A. Thornton A Co 
235 High Holbom, London WCI V 7LE (GB). 



(81) Derignated States: AE. AG, AL, AM, AT. AU. A2. BA BB 
BG. BR. BY, CA. CH, CN. CR, CU. CZ. DE, DK. Dm' 

^f'.F ^ gd, ge, gh. gm. hr, hu. id, IL 

n IS. JP, KE. KG. KP, KR, KZ. LC, LK. LR, LS, LT, LU 
LV, MA, MD, MG, MK, MN. MW. MX. NO, NZ. PU PT 
RO. RU. SD, SE. SG, SI, SK, SL. TJ, m, TO. TT Tz! 
UA. UG, US, UZ. VN. YU. ZA, ZW. ARIPO patent (GR 
GM. KE. LS. MW, SD, SL. SZ. TZ. UG. ZW), Eurasi^ 
patent (AM. AZ. BY. KG, KZ, MD. RU, TJ. TM), European 
patent (AT, BE. CH. CY. DE. DK, ES, FI, FR. GB, GR, 
IE. IT. LU. MC. NL. PT. SE). OAPI patent (BF, BJ CF 
CG. a, CM. GA, GN. GW. ML. MR. NE. SN. TD. f G). ' 

Published 

With international search report. 



(54) TlUe: ACTIVE MATERIAL LOW POWER ELECTOICAL SWITCHING MECHANISM 



AND DRIVE CIRCUIT THEREFOR 



68 



64 



72 




(57) Abstract 

currents flowing in Ac fim ^I^^^J^ ^X^'t j^'T^T^" '""^'"^ ^^^^ -lec^' 

resulting in a low power high voltage drive siU^ bei^oult Sn.tfv^i ^"^"^ "^""^^ ~n ^ »P'ke 

bero. being t^ed as a drivf signaAor an acXlSaTbe^tt^^^^^^^ ^ -uitipHed 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pami*lets publishing international applications under the PCT. 



AL 


Albania 


£S 


Spain 


AM 


Annenia 


n 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azcibaijan 


GB 


United Kingdom 


BA 


Bosnia and HcfTcgovina 


GE 


Georgia 


BB 


Barbados 


GH 


Ghana 


BE 


BeTgium 


GN 


Guinea 


BF 


Bmtina Paso 


GR 


Greece 


BG 


Bulgaria 


HU 


Rungaiy 


BJ 


Benin 


IE 


Ireland 


BR 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


K£ 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


a 


C6ie d'lvoiie 


KP 


Democratic People's 


CM 


Canerooo ^ 




Republic ijf Korea 


CN 


China 


KR 


Republic of Korea 


CU 


Cuba 


KZ 


Kazakstan 


CZ 


Czech Republic 


LC 


Saint Lucia 


DE 


Gcnnany 


U 


Lieditenstcin 


DK 


Denmark 


LK 


Sri Lanica 


EE 


Estoma 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegal 


LV 


Latvia 


sz 


Swa^land 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The fonner Yugoslav 


TM 


Turkmen tstan 




Republic of Macedonia 


TR 


Turicey 


ML 


Malt 


TT 


Tiinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United Stales of America 


MX 


Mexico 


UZ 


Uzbekistan 


NE 


Niger 


VN 


Vict Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


zw 


^mbabwe 


NZ 


New Zealand 






PL 


Poland 






FT 


PoftQgal 






RO 


Romanb 






«V 


Russian Federation 






SD 


Sudan 






5E 


Sweden 






SG 


Singspore 







wo 00/64022 PCT/GBOO/01508 



ACTIVE MAT ERIAL LOW PO WER FT FrxBTP aj 
SWITCHING MFrHANTSM AND miVF riRCUlT THFRFFni? 

TECHNICAL FTFI n 

The present invention relates to electrical switching mechanisms and 
more particularly to such mechanisms when used in electrical safety equipment 
such as residual current circuit breakers, and to an electrical drive circuit suitable 
for use with such mechanisms, 
BACKGROUN D OF THE TNVFMTTHM 

In our earlier international application WO-A-98/409 17, we have 
disclosed a novel form of electrically activated mechanical release mechanism 
which we have tenned an actuator which improves the displacement behayiour of 
active material benders using materials such as piezo-ceramics. A feature of all 
active materials is that they are relatively inefficient, having coupling factors 
between the driving means and the output of fractions of a percent. Consequendy. 
actuators which use such materials tend to require high fields be they magnetic or 
electric. However, we have found that despite tiiis disadvantage, an actuator 
utihsing an active material bender can result in a product having good mechanical 
properties. 

The area of interest in diis invention is the field of Residual Cuirent 
Devices, known as RCDs. This term covers Residual Current Circuit Breakers 
which are not equipped with current limiting capabilities and Residual Cuirent 
Breakers with Overioad which have current limiting portions. 

RCDs function by comparing the current flowing within the live and 
neutral conductors, on the principle that it should be equal and opposite. A 
variation in the cuirents indicates a leakage from the circuit which is usually 
mdicative of a fire risk or a human in danger of electrocution. 

^ RCDs are manufactured in many formats, such as adaptors, plugs, 
electric socket outlets and consumer unit devices. In performance terms, devices 
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can be divided into two specific types. 

Line Dependent devices use electronic processing to measure the 
differential current and to then trigger an actuator that causes the circuit to be 
opened. These devices benefit from being flexible and consistent, because their 
5 trip level can be set by the selection of threshold resistors, and the tripping action 
is not lehant upon the energy within the fault, as the electronics can call upon the 
mains supply to power the actuator. 

Line independent devices utilise the energy from the fault itself to 
init^^t^ thP trinpinp action. This is most commonly achieved through the use of 
1 0 a permanent magnet relay. The principles of permanent relays are well-known, 
but to summarise a movable metal part is held in a first position by means of a 
suitable permanent magnet which is sunounded by a coil. When a fault current 
flows it induces a current within a toroidal transformer connected to the coil 
surrounding the magnet. The current flow is rectified such that its associated 
1 5 magnetic field opposes that of the permanent magnet until the movable piece is 
freed. In order to make highly sensitive relays the mating surfaces of the metal 
parts must be of exceptional flamess, and the system must be totally clean. The 
flattening and assembly processes are consequently expensive. 

Our hitemational Application WO98/40917 discloses a novel form 
20 of actuator suited to active materials, termed a planar bimorph. The same 
application also discloses a methodology for using such acmators to release 
mechanisms. Such systems require a large voltage in order to operate, and such 
vohages cannot presently be generated in line independent systems. 
ST IMM ARY QF THE INVENTION 
05 It is an object of the present invention to provide an inductive circuit 

capable of producing a low-power high-voltage drive signal which can be used to 
drive a line-independent electrical switching mechanism. 

^ It is a further object of the present invention to provide an electrical 
switching mechanism which is driven by an inductive circuit where output is 
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converted into a high voltage. 

In order to meet the above objects, according to a first aspect of the 
present invention there is provided a drive circuit for a residual current device, the 
circuit comprising a transformer having a first primary coil and a second primary 
coil, and a secondary coil arranged to provide an output drive voltage in response 
to any cmrent imbalance between the respective electric currents flowing in the 
first and second primary coils; the transformer being fimher arranged to saturate 
at a level of cmrent imbalance less dian a level indicative of a fault condition. 

In a preferred embodiment of the drive circuit according to the first 
aspect of the present invention, there is fiirther provided voltage rectifying means 
arranged to rectify the output drive voltage. In addition,, the preferred 
embodiment preferably fiirther comprises voltage multiplier means arranged to 
multiply the output drive voltage to an operational level 

Furthermore, the saturation level of the transformer is preferably 
much lower than die current imbalance level indicative of a fauk condition, and 
in a preferred embodiment the transformer is arranged to saturate at 50% of die 
current imbalance level indicative of a fault condition in an electrical circuit to 
which the drive circuit of the present invention is connected. 

Preferably, the fu-st primary coil and the second primary coil are 
each provided with the same number n, turns, and the secondary coil is provided 
with n, turns, wherein n, is greater dian n„ the coupling between the primary coil 
and the secondary coil therefore providing a step-up in die voltage across die 
secondary coil widi respect to die primary coiis. 

The output drive voltage produced by die drive circuit of the present 
invention is preferably used in a preferred embodiment to actuate an active 
material bender manufactured from piezo-ceramics. 

It is a feature of die drive circuit according to die. fu-st aspect of die 
present invention diat die saturation of die transformer at a level of current 
imbalance less dian die trip level causes a large back-EMF to be generated across 
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the secondary coU with each saturated pulse. This feature provides the advantage 
. that the generated back-EMF. which is of a high voltage, but low power, can be 
used to drive an active material bender manufactured from piezo-ceramics, which 
generally requires a low power high voltage electric field for correct operation. 
5 In addition to providing a drive circuit, according to a second aspect 

the present invention also provides an electrical switching mechanism comprising 
a drive circuit according to the first aspect of the present invention arranged to 
drive an electrical actuator means; the mechanism further comprising an electrical 
switching means arranged to open one or more electrical contacts provided in an 
10 electrical circuit in response to said electrical actuator means when the drive 
circuit detects a fault condition in the electrical circuit. 

From the second aspect, the electrical switching means of the 
electrical switching mechanism preferably comprises a planar frame member 
provided with a profiled charaiel, a planar slide member arranged to be received 
1 5 wthin the profiled channel, and latching means arranged to latch the planar slide 
member within the profiled channel, the latching means being responsive to the 
electrical actuator means to latch or release the slide member to close or open the 

one or more electrical contacts. 

Preferably, the electrical acmator means comprises a planar active 
20 material bender as disclosed in our earlier international application no. 
WO98/40917, the necessary features of which required for understandmg the 
present invention being incorporated herein by reference. 

In a preferred embodiment, the planar active material bender is 
arranged to be laminated to the planar frame member in order to produce a low 
25 profill device. In such a construction, the active material bender when acting as 
the electncal acmator is fiirther arranged to move out of the plane of action of the 

latching means upon actuation. 

* Furthermore, in the particularly preferred embodiment, the latching 
n,eans comprises a rotatable pawl arranged to latch the slide member when held 
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in a first position by the electrical actuator. When the electrical actuator 
comprises the active material bender, as the active material bender moves out of 
the plane of action of the latching means upon actuation, the rotatable pawl is 
freed to rotate to allow the slide member to release. 

hi the preferred embodiment of the electrical switching mechanism 
according to the second aspect of the present invention, a spring means is further 
provided arranged to bias the slide member out of the profiled channel provided 
in the frame member. 

It is a feature of die electrical switching mechanism according to the 
second aspect of present invention diat a relatively large mechanical movement in 
the fonn of the release of the slide member can be obtained from a relatively small 
movement of the electrical actuator means. This has the advantage that the 
mechanism of die present invention is particularly suitable for use with active 
material benders using material such as piezo-ceramics which require high drive 
fields to produce relatively htde movement. It is a fimher advantage of the present 
invention that the relatively large movement of the shde member upon release can 
be used to trigger a fiirther mechanism such as, for example, a circuit breaker 
mechanism. 

BRIEF DESCRI PTION OF THF DRAWING.^ 

In order diat the present invention be more readily understood, 
embodiments tiiereof will now be described by way of example only and with 
reference to die accompanying drawings in which: 

Figure 1 is a circuit diagram of a preferred embodiment of a drive 
circuit according to tiie first aspect of die present" invention; 

Figure 2 shows an exploded perspective view of a release 
mechanism which can be used as the switching mechanism according to die 
second aspect of die present invention; 

^ Figure 3 shows a cross-section of die assembled release mechanism 
of Figure 2 along the line A-A and looking in die direction of die arrows; and 
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Figure 4 is a circuit block diagram illustrating the interaction 
between the drive circuit and the switching mechanism of the present invention 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As will be apparent firom the preamble, the present invention has two 
aspects, being respectively a drive circuit, and an electrical switching mechanism 
which employs the drive circuit for generation of the necessary drive voltage. A 
preferred embodiment of the drive circuit according to the furst aspect of the 
present invention will now be described with respect to Figure 1. 

In Fieure L a drive circuit according to the preferred embodiment 
of the present invention comprises a toroidal transformer 70 having a first priroaiy 
coil 66 arranged to cany a load current i, from the Uve contact of a voltage source 
64 such as, for example, the mains, to a load 74. The first primary coil 66 consists 
of a single turn around the toroidal core of the transformer 70. A second primary 
coil 72 is fiiither provided consisting of a single turn around the toroidal core, and 
arranged to carry a current i„ from the load 74 back to the neutral contact of the 
voltage source 64. In addition to the first and second primary coUs, a secondary 
coil 68 comprising a plurality of turns around the transformer core is fiirther 
provided on the core of the toroidal transformer 70. An induced output voltage 
E across the secondary coil 68 being fed to a diode bridge rectifier 76 for 
rectification, the rectified output drive voltage from the secondary coU 68 then 
being passed to a voltage multiplier 61 for voltage multiplication of the output 
drive voltage E to an operating voltage V. In the preferred embodiment, a 
smoothing capacitor 78 is fiirther provided connected across the output of the 
diode bridge rectifier 76 in order to smooth the rectified voltage prior to 
multipUcation in the voltage multiplier 61 . The voltage multiplier 61 may be any 
convenient multiphcation means or circuit elements apparent to the man skilled 
in the art. 

Although within the preferred embodiment described above and 
shown in Figure 1 the output drive voltage E from the secondary coil is shown as 
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being rectified by the diode bridge rectifier 76 prior to multiplication in the 
multipUer 61, this order is not essential to die operation of the present invention, 
and it may of course be possible diat the order of die rectifier 76 and the multiplier 
61 be reversed, in that the AC voltage output from die secondary coil may be 
multiplied by die multiplier 61 prior to rectification by die bridge rectifier 76. 

Furthermore, in odier embodiments of die present invention, 
depending upon die application which die output drive voltage from die secondar^ 
coil is to be put, eidier one or otiier or botii of die rectifier 76 (including the 
smoodung capacitor 78) and die voltage multiplier 61 may be omitted from die 
drive circuit of die present invention. 

In die present embodiment, die drive circuit of die present invention 
operates as die sensing means on an RCD, and in particular die provision of die 
transformer allows for accurate current imbalance sensing, as will be explained 
more fiilly below. Preferably, die primary coils 66 and 72 comprise only a single 
turn, while die secondary coil 68 has a large number of turns, and tj^ically more 
dian 1000. High peimeability materials such as Nickel Iron are used to increase 
the overall inductance of the system. 

The drive circuit of die present invention having die aforementioned 
construction operates in die following mamier. The voltage created across the 
secondary coil 74 of die toroidal tiransfoimer 70 is die back-EMF to oppose any 
change in die currents flowing in eidier of die primary coils, and is given by die 
well known equation E = -Ldi/dt. Under normal circumstances i.e. in die absence 
of a fault condition, die respective electric currents flowing in die live coil 66 (I,) 
and die neutral coil 72 (y are equal and opposite, so die magnetic fields 
associated with die respective currents cancel out, and dius diere is little or no 
current induced in the secondary cod 68. 

If a proportion of die incoming current I, begins to flow out of die 
load due to a fault condition such as, for example, a short circuit or a human in 
danger of electrocution, die magnetic fields associated widi the respective currents 
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floAVing through flie two primaiy coils cease to be equal and opposite, resulting in 
an induced voltage in the secondary coil 68. Initially, the induced waveform is 
sinusoidal with the same frequency and phase as the voltage supply 64 to match 
the fault current, but as the fault currcui iucreases the toroidal transformer is 
arranged to saturate and the output voltage waveform E across the secondary coil 
74 becomes spiked. In traditional electro-mechanical relays this is a disadvantage, 
because tihe power delivered decreases. Piezo electric and electrostrictive materials 
however are distinctive in requiring very low power but being demanding of a high 
electric field in order to operate. As mentioned above, the voltage output of an 
inductor is calculated by Ae equation E=-L di/dt, where E is the Voltage, L is the 
system inductance and di/dt is the rate of change of current over time. The 
saturation of the magnetic core results in a very high di/dt and so the voltage 
across the secondary coil goes up. The present invention utilizes this behaviour 
in order to generate an initially high voltage from the toroidal transformer. 
Preferably, the magnetic core of the transformer is designed to saturate at a point 
around 50% of the trip value, the trip value being the level of cunent imbalance 
between the two primary coils indicative of a fault condition. 

In the preferred embodiment shown in Figure 1 , the induced voltage 
waveform E across the secondary coil is preferably rectified in a bridge diode 
circuit 76, and smoothed with a smoothing capacitor 78. The thus rectified and 
smoothed signal is then fed to a voltage multipUer circuit 61 for multiplication by 
a convenient factor such as two or three up to an operating level V. The output 
signal V may then be used to drive an electricid switching mechanism, as will be 
described later. 

In an alternative embodiment of the drive circuit according to the 
first aspect of the present invention an oscillator circuit and appropriate control 
chip are further provided arranged to control the switching of the current through 
the secondary coil. Such operation is similar to that of a switched mode power 
supply, where the sudden switching off of the cunent in an inductor is used to 



wo 00/64022 PCT/GBOO/01508 



create a high voltage pulse, ;vhere the timing of the disconnection is governed by 
the voltage across a reference resistor. If such s^vitching is undertaken veiy rapidly 
using the oscillator circuit, then high voltages can be created. By controlling die 
frequency and duty cycle of Ae osciUator then the necessary operating voltages 
can be obtained from the toroidal transformer. In order to achieve a suitable 
voltage it is also necessary to rectily the toroid output and also rectify the output 
from the drive chip. This is done using a diode bridge rectifier in both cases. 

In addition to providing a drive circuit for an RCD. from a second 
aspect the present invention also provides an electrical switching mechanism 

which employs the drive circuit to indicate a fault condition and initiate switching, 
and a preferred electrical switching mechanism according to the second aspect of 
the invention will now be described with reference to Figures 2 and 3. 

The electrical switching mechanism according to the present 
embodiment and shown in the accompanying drawmgs is constructed from a 
number of layers of sheet material. ITie relative tiiicknesses of the different layers 
are chosen having regard to the different fimctions to be performed by the layers 
and this alsoapphes to the material utilised. For ease of handling in this particular 
construction, the material is metal strip in which the thickness is readily controlled 
to acceptable limits by the fabrication process. Thicknesses of 0.15 millimetres 
to 0.2 millimetres have been found to be suitable but other thicknesses can be used 
as can odier materials for certain of the layers. It is not necessary for the layers 
to be metal or conductive and in fact, in some instances it may well be an 
advantage for the layers to be insulative or self lubricating by being manufactured 
from a suitable plastics material. 

The switching mechanism according to the preferred embodiment 
of the present invention comprises a substrate 10 to which are attached a stack of 
other layers the stack comprising a frame 12. a spacer 14, and a planar bimorph 
layer 1.6 ip that order from the substrate 10. A slider element 18 is further 
provided arranged to shde within a profiled channel 30 fomied in the frame 12 and 
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the slider is fonned with an extension 32 which extends beyond the open end of 
the profiled channel 30 in the frame 12. 

The sUder 18 is formed with a slot 34 provided in the extension 32, 
the slot being arranged to receive a spring 36, with one end of the spring being 
5 located on a spring seat 37 provided with the slot, with the other end of the spring 
36 in engagement with a spring seat 38 provided on one of the other layers, and 
in this case the spacer layer 14. The slider member is capable of being latched 
against the action of the spring 36 by means of a rotatable pawl 40. The pawl 40 
is mounted for rotation by means of a bearing 41 provided in the preferred 
10 embodiment on the spacer 14 but which may also be provided on the substrate 10. 
The spacer is also further provided with an aperture 42 through which the 
operable, movable tip 44 of the piezo bimorph extends in order to control the 
rotation of the pawl 40 and thus the release or latchmg of the slider 18. 

Before describing the operation of the above described mechanism, 
15 it is important to understand that the profiled channel 30 in the frame 12 is 
specially shaped so that the slider 18, although being largely movable linearly in 
the direction of the arrow X under the action of the spring 36 is also capable of 
slight lateral or rotational motion. Also, the profiled channel narrows near the 
open end 64 of the channel so as to restrict the stroke of the sUder which is formed 
20 with protrusions 46 wider than the narrow open end of the channel 64. Also, the 
pawl 40 has a semi circular portion 48 arranged to be received in a corresponding 
portion 50 of the profile channel so as to be capable of angular movement in the 
direction of the arrow A (shown as clockwise withm the drawing) within the 
profile channel. The pawl is fiirther formed with a shaped recess 52 arranged to 
25 receive a correspondingly-shaped projection 54 on the end of the slider 1 8 remote 
from the spring 36. The shape and size of the meeting projection 54 and recess 
52 are carefully designed to provide a specific burst force and the slider is also 
provided with an additional angled latching surface 56 arranged to slidably engage 
a corresponding angled latching surface 58 provided on the frame 12. The angles 
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Of the respective latching surfaces 56 and 5 8 are such that the force exerted by the 
spring 36 upon the sUder 18 when the slider 18 is latched causes the latching 
surface 56 to press against ihe latching surface 58. the reaction force generated by 
the latching surface 58 causing a turning moment to be applied to the slider 18 in 
the direction of the arrow B, shown as anticlockwise on the drawing. 

Figure 3 illustrates a cross-section of the various layers when 
assembled. With reference to Figure 3. it will be seen that the piezo-bimorph 16 
IS provided with a pin member 44 which extends through aperture 42 provided in 
the spacer to engage with the pawl 40. Typically, the pin member 44 corresponds 
to the deptii of the spacer 14 and the shder 18, and this is typically 0.35mm. The 
pin member 44 is provided on the operating end of the piezo-bimorph 16 such that 
when the piezo-bimorph 16 is actuated the pin member 44 is moved out of the 
plane of rotation of the pawl 40 in the direction of tiie arrow C to such an extent 
that the pawl 40 becomes free to rotate in the direction of the arrow A. Within 
Figure 3 dre pawl 40 is shown momited on a bearing 41 (not shown) provided on 
the spacer 14, although it will also be possible to provide the bearing 41 on tfie 
substrate 10. " 

Turning now to the operation of the mechanism, let us assume that 
the various layers axe all assembled, stacked one on top of the odier as shown in 
Figure 3, with the slider in position in the channel 30 such that the latching surface 
56 is in engagement with die latching surface 58 on tiie frame 12 and die spring 
36 is thus in compression between the spring seats 37 and 38. The surfaces 56 and 
58 are angled such tfiat die spring force is converted into a rotational force as 
indicated by die anrow B. TOs rotation is restricted by virtue of die projection 54 
on die shder 1 8 being restrained by die recess 52 in the pawl 40. Movement of die 
pawl 40 in die direction of die arrow A is re'stricted by virtue of die pin member 
44 provided on die moveable end of die piezo bimorph 16. 

* ^en die mechanism is to be actuated, an electrical signal is applied 
to die piezo bimorph 16 which causes die bimorph to flex in such a way diat die 
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pin 44 is pulled upwards, out of the plane of the paper in Figure 2 and in the 
direction of the arrow C in Figure 3, and out of an engagement with the pawl 40. 
The shape of the meeting surfaces of the projection 54 and recess 52 in 
combination with the shape of the meeting surfaces 56 and 58 under the action of 
the force exerted by the spring 36 causes the slider 18 to start to pivot in the 
direction of the arrow B which in turn forces the pawl 40 to rotate in the direction 
of the arrow A until such time as the pawl 40 releases the projection 54 which 
permits free movement of the slider 18 firstly in an arcuate direction in the 

fKr in fVto rlirA/^firvn r»"F fhf^ ^XTfYW <ZC\ that 

Qirecnon oi ine aiiOw jtj cuiu suus^4ux^ixu^ jxi i^iw ux&v.wuv/^ v-. — 

the extension 32 of the slider 18 can be used to activate a further mechanism or 
apparatus, such as a circuit breaker mechanism. 

In order to reset and relatch the mechanism, it is assumed that there 
is no electric signal applied to the bimorph 16 so that the pin 44 is in its down 
most position. By moving the shder 18 against die spring 36 in the direction 
opposite to the direction X, the spring 36 is compressed and the slider is moved 
past the latching projection 58 to permit the projection 54 on the end of the slider 
to be received in the recess 52 in the pawl. The pawl is resiliently biased by a 
slight spring force in a direction opposite to the direction of the arrow A so as to 
permit the projection 54 to be captured by die recess and the pin 44 to hold the 
capture position. 

It will be apparent from die above description that the reaction force 
generated by the latching surfaces 56 and 58 due to the compression of the spring 
36, die burst force of projection 53 and recess 52, and the return spring force of 
the pawl 40 must all be carefully balanced in order to achieve correct operation. 
More particularly, whilst it will be apparent to die skilled reader that a large 
degree of variations can be accommodated, it wUl be appreciated that die sum of 
the return spring force acting to return die pawl 40 to die latch position widi die 
burst force generated by die angled surfaces of die recess 52 and projection 54 
must be less dian die reaction force generated by die angled latching surfaces 56 
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and 58 under the compression of the spring 36 in order for the slider 18 to be 
released when the piezo-bimorph member 16 is actuated. If this condition is not 
adhered to. then the reaction force of the latching surfaces 56 and 58 will not 
overcome die burst force of the recess projection and the return force on die pawl, 
and the slider wiU not release. 

Due to the smaU engagement depth and release force, it is possible 
to exploit the large motion of the planar bimorph to create a system which operates 
from a low power. 

It will be appreciated that the above consliuction is capable of being 
manufactured to any dimensions. In fact, it is very suitable for micro-machining 
techniques due to the laminar nature of die structure. Furthermore, while die 
electrical actuator of die present invention has been described as a piezo-bimorph, 
odier electrical actuators may be used, and in particular electric relays, armatures . 
or moving-coil magnets, hi particular, however, the drive circuit is particularly 
suitable for operating die piezo-bimorph, as it is capable of providing die high 
voltage fields required to operate an active material bender such as die piezo- 
bimorph. 

Figure 4 shows a block diagram illustrating how die drive circuit 
according to die first aspect of die present invention and die electrical switching 
mechanism according to die second aspect of die present invention are integrated 
togedier. More particularly, widi reference to Figure 4, a pair of contact switches 
63 are provided in die live circuit between die toroidal transformer 70 and die load 
74 aitanged to break die live circuit and dius prevent current flowing dirough die 
coils of die toroidal transformer 70. The contacts 63 are mechanically linked to 
die electrical switching mechanism of die present invention labelled 62 in die 
diagram. More specifically, preferably die contacts 63 are mechanically linked to 
the extension 32 of the slider 18 of die electrical switching mechanism and 
arranged.so diat die electrical contacts 63 are opened when die slider 18 is 
released from its latched position widiin die profiled channel 30 such diat die 
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extension 32 projects a substantial amount beyond the end of the channel 30. The 
contacts 63 may be directly mounted upon the extexision 32 of the slider 18, or a 
mechanical linkage or further mechanism may be provided between die slider 18 

and the electrical contacts 63. 

In operation, dierefore, assuming the electrical contacts 63 are closed 
and current is flowing through the load 74, the toroidal transformer 70 acts to 
detect any current imbalances between the current ii and i„ flowing in the 
respective live and neutral lines by virtue of outputting the output drive voltage E, 

b^: ^X.^ U»„1, pAyfTT n^«>^r>c rt^r^nnAnnr Thf* nntnilt VQltaoP F. 1^ thCTI 

eUl^ LUC Utl^K'IIfivii aL^iuoo ui^* jwvv/A»v**** J * «w x^»^^»» » V, — *-o- — — -iiv— 

rectified if required and fed to the voltage multipUer 61 for multiplication up to the 
operating voltage V, the operating voltage V being arranged to be placed across 
the piezo-bimorph of bender 16 as appropriate in order to actuate the piezo- 
bimorph 16 to bend out of the plane of action of the pawl 40 thus releasing the 
slider 18 fi-om the profiled channel 30 and opening the contacts 63. 

This anangement then constitutes a particularly effective low-power 

line independent device. 
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CLAIMS: 



1 . A drive circuit for a residual current device, the circuit comprising 
a transformer having a &st primary coil and a second primary coil, and a 
secondary coil arranged to provide an output drive voltage in response to any 
current imbalance between the respective electric currents flowing in the fust and 
second primary coils; the transformer being further arranged to saturate at a level 
of current imbalance less than a level indicative of a fault condition. 

2. A drive current according to claim 1, and further comprising voltage 
rectifying means arranged to rectify the output drive voltage. 

3. A drive circuit according to claim 1 or 2, and fiirther comprising 
voltage multiplying means arranged to multiply the output drive voltage to an 
operational level. 

4. A drive circuit according to any of the preceding claims, wherein 
said transformer is arranged to saturate at 50% of the current imbalance level 
indicative of a fault condition. 



5. A drive circuit according to any of the preceding claims, wherein 

said first primary coil and said second primary coil are each provided with n, 
turns, and said secondary coil is provided with 02 turns, wherein n, > n.. 

^- A drive circuit according to any of the preceding claims, wherein 

said output drive voltage is used to actuate an active material bender. 

^- 4 An electrical switching mechanism comprising a drive circuit 
according to any of the preceding claims arranged to drive an electrical actuator 
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means; the mechanism further comprising an electrical switching means arranged 
to open one or more electrical contacts provided in an electrical circuit in response 
to said electrical actuator means when the drive circuit detects a fault condition in 
the electrical circuit 



8. An electrical switching mechanism according to claim 7, wherein Ae 
electrical switching means comprises a planar frame member provided with a 
profiled channel; a planar sUde member arranged to be received within the profiled 
channel: and latchine means arranged to latch the olanar shde member within the 
profiled channel, the latching means being responsive to the electrical actuator 
means to latch or release the slide member to close or open the one or more 
electrical contacts. 

9. A mechanism according to claims 7 or 8, wherein the electrical 
actuator comprises a planar active material bender. 

10. A mechanism according to claim 9, wherein the planar active 
material bender is laminated to said planar firame member. 

11. A mechanism according to claim 10, wherein the active material 
bender is fiirther arranged to move out of the plane of action of the latching means 
upon actuation. 

12. A mechanism according to claim 9, 10 or 1 1 and further comprising 
a planar spacer member laminated between said planar active material bender and 
said planar firame member. 

13. * A mechanism according to any of claims 8 to 12, wherein said 
latching means comprises a rotatable pawl arranged to latch the slider member 
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when held in a first position by the electrical actuator. 

14. A mechanism according to claim 13, wherein said rotatable pawl is 
fiirther provided with a shaped recess arranged to receive a correspondingly 
shaped projection provided on the slide member wherein in a latched mode of 
operation said rotatable pawl is prevented from rotation by said electrical actuator 
such that said shaped projection is held within said shaped recess to latch said 
shde member, and in a released mode of operation the electrical actuator moves 
to aUow said rotatable pawl to rotate, thereby freeing said shaped projection from 
said shaped recess to release said slide member. 

15. A mechanism according to any of claims 8 to 14, wherein said 
profiled channel is provided with a fu-st angled latching surface and the shde 
member is provided with a second angled latching surface, the arrangement being 
such tiiat said second angled latching surface is held in slidable meeting 
engagement with said first angled latching surface when said slide member is 
latched. 



16. A mechanism according to any of claims 8 to 1 5, fiirther comprising 

a spring means arranged to bias said slide member out of said profiled channel. 
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